[Er Journal of the Korea Concrete Institute
Lasd] VoI 19, No. 2, pp. 189~197, April, 2007

sl at) . AAXIP* . Zixyst

(=]

"F)AMS dAY o Y3 At A

Behavior of Fire Resistance Engineered Cementitious
Composites(FR-ECC) under Fire Temperature

. .1
Byung-Chan Han", Young-Jin Kwon”*, and Jae-Hwan Kim"
YAMS Engineering Co., Ltd., Dagjeon 305-764, Korea
“Dept. of Emergency Management Engineering, Hoseo University, Chunan 336-795, Korea

ABSTRACT Concrete tunnel lining must be designed to having the fireproof performance because the lining are sometimes
exposed to very high temperature due to traffic accident. Such fire temperature may cause explosion of concrete, or collapse of
tunnel structure. The purpose of this study is to obtain the fundamental fireproof behavior of fire resistance-engineered cementitious
composites(FR-ECC) under fire temperature in order to use the fire protection matetial in tunnel lining system. The present study
conducted the experiment to simulate fire temperature by employing 2 types of FR-ECC and mvestigated experimentally the
explosion and cracks in heated surface of these FR-ECC. Employed temperature curve were hydro carbon(HC, EC1) criterion,
which are severe in various criterion of fire temperature. The numerical analysis is carried out the nonlinear transient heat flow
analysis and verified against the experimental data. The complex features of behavior in fire conditions, such as thermal expansion,
plasticity, cracking or crushing, and material properties changing with temperature are considered. By the use of analytical model,
the concrete tunnel subjected to fire loads were analyzed and discussed. With comparison of current concrete materials and FR-
ECC, the experimental and analytical results of FR-ECC shows the better fire resistance performance than the other.
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Table 1 Mixture proportions of matrix

HE A9 dejA FR-ECCY W3t A5 I4A7]
71 98 weke AA AR, WE 2 el vl
AR F7, AEA 9% 3NF F7F T 8k
FR-ECCY EAE A7 2 X4 283 FEg WAT
F JER Fgen, ojzg Uehs A x7oR st
Wl A 8-S AAETE Table 32 W3l A @& AJFA|
dzk @ AF WSS Yehd Aot o ¥HaE AH
ZF(PP, PVA), A f EUE VA(L15, 20 %), T3 Al

oA EAE VO, 18 36 w%), B7F V5, 15,
202 SIS, £ A9 59 % U5 35 o
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7139 Bl KS L 31369 F3ted A3t en,
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& WY Azt FY8ATHFEig 1). A1E 2F FR-

ECCY] 28Y H§F ¢=7}%E 30 MPa~36 MPaZ WEN

ow Z7] 3" <k 30%, 7€ 60% TAErF SHEEA
o} Ao EHE YT Zfolvt gieu, 31

9] Z7KNO7, NO8, NO9)oll we}l &7 e] A7t &

. Water/matrix Fly ash/binder Sand/binder Polymer/cement .
Ingredient (WL%) (WE%) (Wi.%) (WL%) SP/binder
FR-ECC matrix 185 35 50 5 1.2

* Agents in binder : silica fume, antifoaming agent, shrinkage-reducing agent, superplaticizer, multi-functional agent

Table 2 Properties of fibers

. Density | Length | Diameter| Surface MelFing Thermal Tensile | Young's Elongation |  Alkali
Ingredient (/mm’) | (mm) (um) | (reatment) pglnt decomposition| strength | modulus %) resistance
(O (O (MPa) | (GPa)
Polyvinylalchol (PVA)| 1.3 12 39 |Oilingagent| 170 263 1,700 294 3~113 High
Polypropylene (PP) 0.91 12 39  |Fluorination| 162 271 600 9.0 5~13 High
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Table 3 List of specimens

) Fibers contents ¥ (%) Ceramic contents Air contents .
Series No. - Num. of specimen
PVA PP Total Ve (%) Vi ()
PCM Mortar - - - - 3 2
NO1 2.0 - 2.0 - 5 3
NO2 2.0 - 2.0 1.8 5 3
NO3 2.0 - 2.0 3.6 5 3
NO4 - 1.15 1.15 1.8 5 2
NO35 - 1.15 1.15 3.6 5 2
-ECC
FR-B NO6 - 2.0 2.0 - 5 3
NO7 - 2.0 2.0 3.6 5 3
NO8 - 2.0 2.0 3.6 15 3
NO9 - 2.0 2.0 3.6 20 3
NO10 2.0 - 2.0 3.6 15 3
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Fig. 1 Compressive strength of FR-ECC
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Fig. 2 Flexural strength of FR-ECC
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Fig. 3 Direct tensile strength of FR-ECC
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Fig. 4 Flexural and direct tensile strength
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| (d)NO7 |

(b) NO1
Fig. 5 Multiple crack patterns of FR-ECC in direct tensile test

(@) Mortar (c) NO5

(b) After fire test

(a) Before fire test

Fig. 6 Experimental set up of fire test
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Table 4 Fire temperature in tunnels”

. Maximum fire
Tunnel Location Type femperature
Nihonzaka Japan Road tunnel | 600~1,000°C
Caldecot USA Road tunnel | 945 (1,038)°C
Mont- Blanc France Road tunnel | 1,000 (1,832)°C
Tauemn Austria Road tunnel 1,000°C
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Fig. 7 Criterion curves of fire temperature
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(@Mortar  (b)NO1  ()NO2  (d)NO3
Fig. 8 Picture of FR-ECC specimens after fire test

() NO4 (f) NO5

Table 5 Explosive fracturing condition of FR-ECCs

(Q)NO6  (h)NO7  ())NO8 GINO9  (k)NO10

Specimen Afea , Num. of‘ large qu. of crack Steady state Crack width Damage depth
of explosion (mm") explosion in surface (min) (mm) (mm)
Mortar 61,575 18 7 5 1.30 18
NO1
NO2 None None None - - -
NO3
NO4 9,425 6 3 7 0.35 12
NO5 6,714 4 1 10 0.20 9
NO6 None None 3 - 0.15 -
NO7 None None 1 - 0.10 -
NO8 None None None - - -
NO9 None None None - - -
NO10 None None None - - -
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Tenperature

(a) Pore pressure rise

Externai Loading
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(b) 3D stress increase

Fig. 9 Spalling mechanism of FR-ECC
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Fig. 10 Internal time-temperature curves of FR-ECCs(in 50 mm inner)
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Table 6 Material properties for concrete used in analyses

. Ec £ f Expansion
Objects
Jee (GPa) (MPa) (MPa) coef.
Concrete 28 25 22 1.2E-5
steel 210 400 400 1.2E-5
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Fig. 16 Analytical results of tunnel
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Fig. 17 Analytical results in internal temperature distribution of
RC and RC + FR - ECC tunnel lining for fire resistance

Table 7 Ultimate limit temperature of tunnel

Temperature

Location

Objects o Mote
! (C) _|(depth), (mm)
Concrete 250~380 0~250 -
Reinforcement(steel) | 250~350 40~50 -
Waterproofing sheet 70~110 250~300 | Melting temp.
6. & =

(c Contour plot(RC)

(d) Contour plot(RC+FR-ECC)
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